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change within each anatomical regions was very poor. Individuals who
were rapid progressors for cartilage loss were no more likely to be fast
progressors for bone change than any other individual (Table 2).
Conclusions: Bone area and cartilage thickness both provide responsive
measures of change in knee OA. Within a one year period the spatial
location of the change is different in most areas of the knee, though
both measures show change in the articulating surfaces of the femo-
rotibial joint.
There is no correlation between the two measures for any of the ana-
tomical regions, and the ‘fast progressors’ for each method are not
found in the same individual more than might be expected by chance
alone.
The relationship of bone and cartilage changes with time is not well
understood, but within the one year period typical of a clinical trial, the
two tissue measurements progress independently of one another.
It is important to understand whether these two tissues change as part
of the same overall disease progression, or are unrelated to each other.
This experiment cannot answer that question, but the independence of
the 2 measures suggests that they could be combined to provide a
composite measure of change in the OA knee which provides more
information than using the two methods independently.Table 1
Change in cartilage thickness and bone area in 88 subjects over one year. Standardised response mean (SRM) is calculated as mean change/standard deviation of change. P-
values are calculated from paired.
Cartilage thickness (ThCtAB) Bone area (tAB)
Region Percent Change from baseline p value SRM Region Percent Change from baseline p value SRM
Medial Femur -4.3% <10-4 -0.72 Medial Femur 1.2% <10-4 0.74
Lateral Femur -1.0% 0.019 -0.25 Lateral Femur 0.9% <10-4 0.63
Medial Tibia -1.2% 0.198 - Medial Tibia 0.5% <10-4 0.43
Lateral Tibia -1.6% 0.001 -0.37 Lateral Tibia 0.4% 0.003 0.41
Patella -1.6% 0.174 - Patella -0.1% 0.461 -
Table 2
Agreement between fast progressors for bone and cartilage thickness, and correlation of the two measures. Correlation coefﬁcient is calculated using Pearson's method.
Number of IDs
with cartilage > SDD
Number of IDs
with bone > SDD
Number of IDs with both





Medial Femur 28 36 14 11 0.02
Lateral Femur 15 26 4 4 0.01
Medial Tibia 23 16 6 4 0.03
Lateral Tibia 11 5 0 1 0.00
Patella 9 6 2 2 0.00360
CAN THE PRESENCE OF SUBCHONDRAL CYST e AN INDICATOR OF
SUBCHONDRAL BONE DISTURBANCE, BE USED FOR SUBTYPING
KNEE OSTEOARTHRITIS?
P.B. Chan, C. Wen, C. Wen, K. Chiu. The Univ. of Hong Kong, Hong Kong
Purpose: Subchondral bone cyst (SBC) is a pseudocystic lesion that is
frequently reported in advanced osteoarthritis (OA), particularly in hip
OA.
Although it is considered as one of the cardinal radiological features in
OA, and the presence of SBC in knee OA had been previously reported as
a risk factor of cartilage loss and knee replacement, its clinical sig-
niﬁcance as a radiological feature in knee OA remains debated as they
are hard to detect under plain radiographs.
The actual aetiology of SBC is still unsolved but there are two main
theories e the synovial ﬂuid intrusion theory and bony contusion
theory. The former suggests that intrusion of synovial ﬂuid into the
subchondral bone results in SBCs; while the latter states that unre-
solved bone marrow lesion (BML) could be the precursor of SBCs. More
recent longitudinal studies show knee BMLs could progress into SBCs,
cohering with the latter theory.
The actual bone structural changes related to the presence of SBCs in
knee subchondral bone are yet to be thoroughly investigated; therefore
we have employed histology and mCT imaging to elucidate the rela-
tionship between SBC and surrounding trabecular bone remodelling
activities in OA.We would like to look into changes in subchondral bone micro-
structures in relation to SBCs, the possible links between such changes
with knee functions, as well the possibility of using this radiological
marker for subtyping knee OA.
Methods: A total of 112 advanced OA patients (87 female and 25 male,
aged between 48 and 87) undergoing total knee arthroplasty (TKA)
were selected in the study. SBC diameter, surrounding trabecular bone
parameters and bone mineral density were analyzed in mCT images.
Parafﬁn sectioning of the resected tibial plateaux was performed with
the thickness set at 7mm and subsequently stained with Haematoxylin
& Eosin according to our previous protocols.
Patients' knee functions are evaluated by our clinical staff based on the
criteria of the Knee Society Knee Score.
Results: SBCs of diameters ranging from 3mm to 12.5mmwere present
in 73% of the study population, higher than 22.6% as detected by plain
X-ray interpreted by our experienced surgeon, or 30% reported by
Audrey et al.
Trabecular bone in OA tibial plateaux with SBC underwent remodelling
events, having a higher bone volume to tissue volume ratio (BV/TV) of
27.9 (±10.2)% compared to 14.2 (±5.9)% of their SBC-free counterparts;
their bone mineral densities (BMD) are also signiﬁcantly compromised
(0.598 ±0.045 g/cm^3) compared the SBC-free specimens (0.623±0.048g/cm^3). They also have higher trabecular number (1.6495 ±0.51039
mm^-1) compared to 1.4147±0.46550 mm^-1 of their SBC-free counter-
parts, and less trabecular separation (0.5060±0.19257mm verses
0.6186±0.25439mm).
Subchondral bones with SBCs tend to be of lower BMD, have higher
trabecular number and smaller spaces between trabeculae.
From our histology slides, it was found that SBC is correlated to more
chaotic de novo bone formation.
Interestingly, we also found out high trabeular number and small tra-
becular separation, which are features associated with SBCs, are cor-
related with better pain score, indicating less pain in patients with SBCs.
According to the histology sections, we have found specimens with
SBCs have more bone in the marrow space than their SBC-free coun-
terparts. These bones are, rather than lining on top of existing tra-
becular bones, clustered in the marrow space normally occupied by the
marrow; although it is not yet clear whether these bones of poor quality
are newly formed “de novo” bones or un-resorbed fragments due to
bony contusion as a result of previous traumatic events.
Conclusions: SBCs in knee OA were found to be more common than
previously suggested, implying their presence had been vastly under-
estimated clinically.
With lower BMD and higher bone volume, SBC could be an indicator for
disturbance of subchondral bone metabolism; lower BMD, excessive de
novo bone formation and uncoupled bone resorption e as observed in
our histology.
Table 1
T2 values in each layer at the center of femoral compartment.
Compartment Layer Mean T2±SD Deep vs Superﬁcial
Medial Condyle Whole 49.8±6.0
Deep 48.0±8.1 p < 0.01
Superﬁcial 51.8±6.3
Trochlea Whole 50.8±2.4
Deep 47.9±3.9 p < 0.01
Superﬁcial 53.4±2.6
Lateral Condyle Whole 49.0±4.4
Deep 44.5±4.2 p < 0.01
Superﬁcial 53.5±6.0
Figure 1. Articular segmentation with angular and layer dependent
approach.
Figure 2. Inter- and intra-rater reliability of T2 values.Ă
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remodelling activity and the formation of SBC, and the presence of SBC
could potentially indicate more severe osteoblastic dysfunction.
To sum up, presence of SBCs indicates uncoupled subchondral bone
remodelling in OA. SBCs are found to be more prevalent than previously
suggested, implying their presence had been vastly underestimated.
SBC-free tibal plateaux, despite having relatively preserved micro-
structure and higher mineral density, result in more painful knees. Our
ﬁndings also provide clues that suggest subtyping knee OA by the
presence of SBCs to guide future OA treatments.
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NORMAL T2 MAP PROFILE OF THE ENTIRE FEMORAL CARTILAGE
USING A NOVEL ANGLE/LAYER DEPENDENT APPROACH
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Purpose: T2 mapping is a widely utilized MR technique for quantitative
assessment of cartilage degeneration. Previous studies have compared
T2 values between subregions in the knee joint, or between weight-
bearing and non weight-bearing region. However, there has been no
study that assessed angular and layer dependent variations of T2 value
in entire femoral cartilage. The purpose of this study was to create
normalized T2 map proﬁles from the entire femoral cartilage of normal
volunteers to assess regional variations using a novel angle/layer
dependent approach.
Methods: Twenty healthy knees with equal number of left/right knees
(mean 28.9 years; range: 19-38) were investigated in this study. T2
images were acquired at a 3T MR scanner (Achieva, Philips Healthcare,
Netherlands) using an 8-channel knee coil. The imaging protocol
included a 2D, turbo spin-echo T2-weighted sequence (TR/TE¼ 2700/
26ms, FA¼ 90, imaging plane¼ true sagittal to B0, FOV/slice thickness/
gap¼ 140/3/0mm, matrix size¼ 512512). Manual segmentation of
entire femoral cartilage was performed by two raters independently
slice by slice using Matlab (Mathworks, Natick, MA). Articular seg-
mentation with angle/layer dependent approach was performed as
follows: static magnetic ﬁeld (B0) was deﬁned as 0 degrees, with neg-
ative/positive angles were located anterior/posterior to the central
point (Fig.1a); radial lines from a central point divided cartilage into 4-
degree segments (Fig.1b) segmentation of cartilage into deep (0-50%)
and superﬁcial layers (51-100%) of relative thickness (Fig.1c). The center
of the medial condyle (MC), lateral condyle (LC), and trochlea (T) were
deﬁned by referring to reformatted coronal images. Then we converted
a total of 31 slices into 23 normalized slices in each subject, based on
three anatomical landmarks by every 3-mm slice thickness (e.g. MCþ3,
MCþ6, T-3). We calculated the average T2 values for two layers (deep
and superﬁcial) and 4-degree step angles over segmented cartilage at
each normalized slice. We created 3D-graph of T2 proﬁles shown as
approximate curved surfaces using custom Matlab program. Inter- and
intra-rater reliabilities were assessed using intraclass correlation coef-
ﬁcient (ICC). T2 value between the deep and superﬁcial layer at the
center of each femoral compartment were compared using unpaired t-
test/Mann-Whitney test for normal/non-normal distributed data,
respectively. T2 values between magic angle and other representative
angles were compared using Kruskal-Wallis test and Steel-Dwass post
hoc test. Statistical analyses were performed using R version3.0.2 for
Windows software (R Development Core Team, Vienna, Austria). P
values less than 0.05 were considered to be statistically signiﬁcant.
Results: The inter- and intra-rater ICCs of average T2 values in entire
femoral cartilage were either “good” or “excellent” in each layer (Fig.2).
The ICCs with respect to each normalized slice showed that the inter-
and intra-rater ICCs around the trochlea, and both edges of the condyles
were lower than those around the center of the medial and lateral
condyle (Fig.2). Average T2 value was signiﬁcantly higher in the
superﬁcial layer than in the deep layer at the center of each femoral
compartment (Table 1). T2 proﬁles on 3D graph exhibited magic angle
effect clearly in each layer at the medial and lateral condyle (Fig.3).
Scatter plots of T2 values at the magic angle and other representative
angles showed that magic angle effect at the medial condyle was
observed more clearly, especially in whole and deep layer, while in
superﬁcial layer the peaks shifted to ±30 (Fig.4a-c). T2 value at the
lateral condyle showed wide and dull peaks from -70 to -54, and a
large variety of T2 value was observed especially at 0 in the superﬁcial
layer (Fig.4d-f).Conclusions: The normal T2 map proﬁle of entire femoral cartilage
showed variations in ICCs by location and in T2 values by angles and
layers. The results indicate the importance of evaluating cartilage in
consideration of these variations for diagnosis of cartilage degeneration
in speciﬁc location of the knee.
